CONTEXT: Renal artery pseudoaneurysm is a rare complication after renal injury but should be suspected whenever there is recurrent hematuria after renal trauma. CASE REPORTS: We present three cases of pseudoaneurysm after blunt renal trauma and a review of the literature. All patients underwent renal angiography. Two cases were diagnosed during the initial hospital stay due to hematuria, or in the follow-up period during recovery. One patient was hemodynamically unstable. Two patients successfully underwent coil embolization in a single session. In the other case, selective embolization was attempted, but was unsuccessful because artery catheterization was impossible. Procedural and medical success and complications were retrospectively assessed from the patients' records. The clinical presentation, treatment options and clinical decisions are discussed. CONCLUSIONS: Renal artery pseudoaneurysm may develop acutely or even years after the initial injury. Signs and symptoms may have a wide spectrum of presentation. Selective angiographic embolization is an effective treatment that reduces the extent of parenchymal infarction.
INTRODUCTION
Pseudoaneurysm or false aneurysm is a confined accumulation of thrombus and blood associated with disruption of one or more layers of an artery wall. It differs from a true aneurysm in that the latter contains all three histological layers of the arterial wall, whereas pseudoaneurysm contains less than three and often none of these layers. 1 Renal artery pseudoaneurysm occurs most frequently as a complication of certain renal interventional procedures such as kidney biopsy, percutaneous nephrostomy, open or endoscopic surgeries on the kidney, or as a consequence of penetrating trauma. Occurrences following blunt abdominal trauma are rare. 1 A few other cases that have been reported described presentations with flank pain, pulsatile abdominal or flank masses, hypertension or hematuria, and ultimately resulted in lifethreatening hemorrhage followed by nephrectomy or death.
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We retrospectively reviewed three cases of pseudoaneurysm after blunt renal trauma and conducted a review of the literature. These three cases were managed in our institution between 2008 and 2011.
CASE REPORTS

Case 1
A healthy 16-year-old male was admitted to our emergency department after a fall during a soccer game, with gross hematuria 30 minutes afterwards. He did not have any significant medical history. On physical examination, his blood pressure was normal and left upper quadrant abdominal tenderness was found. His hemoglobin was 11.6 g/dl and hematocrit was 28.8%. Grade 1 spleen rupture and grade 3 left renal injury with a large perirenal hematoma were revealed through abdominal computed tomography (Figure 1) .
He was admitted to the intensive care unit for a careful check on vital signs, serial hematocrit monitoring and strict bed rest. Eight hours after admission to the intensive care unit, he presented tachycardia with normal arterial blood pressure. 
Case 2
A 25-year-old male patient was admitted to our emergency department after falling from a height of 15 meters.
On admission, he presented a Glasgow coma score of 14, normal arterial blood pressure and a pulse rate of 100. Physical examination revealed hematuria and pain on neck palpation. Infusion of four liters of crystalloid was prompted.
Computed tomography revealed a cervical vertebra fracture and hip dislocation in addition to grade 3 left renal trauma with perirenal hematoma (Figure 3) .
Conservative treatment for renal trauma was started, closed reduction was performed on the hip dislocation, a rigid neck collar was fitted and the hemodynamics were monitored.
The patient evolved with hemodynamic stability and remission of the hematuria was observed four days later. A control computed tomography scan produced five days after the trauma showed that significant reduction of the perirenal 
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hematoma had occurred and that there was a lesion suggestive of renal artery pseudoaneurysm (Figure 4) .
The patient was then referred to the interventional radiology department and underwent angiography, which revealed a renal artery pseudoaneurysm that was successfully embolized using a coil. Information regarding follow-up was not available.
Case 3
A 27-year-old patient was admitted to our emergency department after falling to the ground in a motorcycle crash.
On admission, the patient presented hemodynamic stability and gross hematuria. Conservative management with monitoring and hydration was started. Five days after the trauma, the patient was discharged home with mild hematuria that resolved spontaneously two days later.
Thirteen days after the trauma, a new episode of hematuria with urinary retention due to blood clots reduced the hemoglobin level to 10 g/dl. Fifteen days after the trauma, he underwent angiography, which showed a pseudoaneurysm. Selective embolization was attempted but was unsuccessful because artery catheterization was impossible. The patient was maintained under conservative treatment, without any decrease in hemoglobin level, but with hemodynamic stability.
He presented resolution of the hematuria sixteen days after the trauma, with recurrence thirty days after the trauma.
A computed tomography scan was subsequently performed and showed hematoma regression. The scan ruled out the presence of any other significant lesions. Forty days after the trauma, the patient presented resolution of the hematuria and was discharged from the hospital. A computed tomography scan performed three months later was normal.
DISCUSSION
Renal artery pseudoaneurysm has most commonly been reported in relation to iatrogenic causes. Open and endoscopic surgery, renal percutaneous surgery and renal biopsy are the most frequent causes. Renal pseudoaneurysms have only rarely been described after blunt renal trauma. 1, 4 In this type of trauma, pseudoaneurysm formation is the result from the effect exerted by the deceleration forces on the artery.
The first case of renal artery pseudoaneurysm was described by Rouppe (1770, apud Rashid, 2007), 5, 6 who reported the demise of a sailor who fell on his right flank.
The autopsy showed a large false aneurysm with rupture. The clinical presentation includes hypertension, gross hematuria, lumbar pain and pulsating abdominal mass, but pseudoaneurysms may also be asymptomatic for a long time and develop spontaneous thrombosis. 1 The average interval between injury and onset of the secondary renal hemorrhage is approximately 12 days (range: 2 to 36 days). 9 Pseudoaneurysms are seen as thick-walled, well-defined accumulations adjacent to arteries, with an inner lumen that enhances after contrast Ultrasonography and computed tomography are particularly useful when renal vascular and parenchymal injuries are suspected. However, the ability to confirm the presence and anatomical location of renal artery pseudoaneurysms makes angiography the gold standard test of choice.
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We carried out a systematic analysis of indexed articles ( Table 1 ). The search was performed using the terms listed in 11-79 years), and the majority were male (77.14%). The most common symptoms were abdominal/flank pain (11 out of 33 cases) and gross hematuria (23 out of 33 cases).
Nonetheless, renal artery pseudoaneurysm may be asymptomatic. Lee et al. described the case of a 38-year-old male whose pseudoaneurysm was diagnosed 45 days after trauma during computed tomography follow-up. 1 Pastorín et al. described the case of a 25-year-old male with an asymptomatic renal artery pseudoaneurysm that was observed four months after injury. 29 One of the three patients in our series was diagnosed as presenting an asymptomatic pseudoaneurysm, during a follow-up examination four days after the trauma.
In the majority of the reports, the time that elapsed between the trauma and the diagnosis ranged from one day to 15 years (median of 28.4 months). In the literature, the longest time taken to make the diagnosis was reported by Jebara et al., in the case of a 25-year-old female who developed abdominal pain and hypertension 15 years after trauma. 21 Most of the cases remained undiagnosed during the initial hospital stay (18 out of 31 cases). Two of our cases were diagnosed during the hospital stay due to hematuria or in the follow-up period during recovery.
Although clinically silent, small pseudoaneurysms may be managed conservatively. However, because of the risk of spontaneous rupture and mortality, many physicians recommend surgical management. In the past, surgical exploration or nephrectomy was used as the only treatment. However, recent advances in interventional radiological techniques have enabled superselective catheterization. 1 Thus, nowadays, pseudoaneurysms can be treated with minimally invasive procedures such as embolization using coils, either alone or in combination with other materials like non-resorbable glues or onyx, which result in rapid hemostasis and more effective preservation of kidney function. 35 The complication rate from the selective radiological embolization procedure itself is relatively low. Since 2001, 23 cases have undergone embolization with successful renal salvage in 20 cases (86.9%). Our cases were also successfully treated with embolization. Renal artery dissection has been described in up to 7.5% of the cases, 36 whereas the incidence of coil migration is less than 3%. 
